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INTRODUCTION 

Manufacture; 

One  of  the  moat  recent  advances  in  electric  light- 
ing has  been  the  introduction  of  the  metallic  filament  incan- 
doaoont  lamps.   By  a  peculiar  coincidence  the  man  who  gave 
gas  lighting  such  eui  advantage  over  electric  lighting  by  the 
invention  of  the  Welsbach  burner  overcame  this  advantage  to 
a  great  extent  by  the  invention  of  the  metallic  filsunent  lamps. 
This  man  was  Aver  von  Welsbach,  who  by  his  invention  of  the 
osmuim,  tantalum  and  above  all  the  tungsten  lamp,  has  practi- 
cally revolutionized  electric  lighting  with  incandescent  lamps. 

The  following  processes  or  some  slight  variations  of 
them  are  the  most  prominent  in  the  manufacture  of  these  lampst 

Ayer*8  Process; 

Aver*B  process  is  eBsentially  as  follows;  a  paste 
of  tungsten  oxide  is  made  and  forced  through  an  orifice  in  a 
diamond  at  a  very  high  pressure,  it  is  then  heated  by  an  elec- 
tric current  and  passed  into  an  electric  furnace  in  an  atmos- 
phere of  hydrogen  and  steam,  where  the  oxide  is  reduced  to 
the  metallic  tungsten  which  exists  as  small  particles  of  tung- 
sten sintered  together.   The  wire  as  it  comes  from  tho  fur- 
nace is  either  wound  up  on  a  roller  or  cut  into  predetermined 
lengths.   The  speed  of  the  moving  wire  is  about  two  milli- 
meters r>er  second.   The  leading-in  wire  is  relted  down  to  a 
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small  globule  at  the  end,  which  holds  the  filarent  securely, 
the  resistance  of  this  contact  being  negligable. 

Just  &  Hanamann's  Process: 

The  flashing  process  of  Just  & 
Hananann  consists  in  taking  a  carbon  filament  fron  «0G  to  »06 
m.ia,    in  diameter  and  heating  it  bright  red  by  an  electric  cur- 
rent in  an  atmosphere  of  volatile  tungsten  corapourds,  general- 
ly the  chlorides  and  oxyohlorides,  in  the  presence  of  hydrogen. 
The  heat  causes  the  hydrogen  to  reduce  the  tungsten  compounds 
and  the  tungsten  is  deposited  homogeneously  on  the  carbon  fil- 
ament.   Then  the  filanents  are  submitted  to  the  action  of  an 
electric  current  in  an  atmosphere  of  hydrogen  at  20  m,E,  pres- 
sure, until  they  show  the  clearest  white  incandescence.   This 
causes  the  carbon  to  be  absorbed  as  carbide.    Now  the  filairents 
are  raised  to  a  high  tei'perature  while  surrounded  by  an  atiros- 
phere  of  hydrogen  and  steam.    The  carbon  is  oxidized  leaving 
a  filament,  hollow  in  the  center,  of  metallic  tttngsten.   This 
f  ilarient  is  mounted  in  the  leading-in  wires  by  mean^  of  a  paste 
consisting  of  finely  divided  tungsten  mixed  with  coal  tar  or 
giiEi.   These  paste  mounts  are  dried  and  made  red-hot  before  the 
filament  is  heated  in  the  bulb. 

Manufacture  with  Aid  of  Organic  Substances : 

The  Wolfram  Lamp 
Co.  has  patented  a  metallic  filament  consisting  of  a  mixture 
of  metallic  t\ang8ten  and  small  quantities  of  a  more  easily 
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fusible  metal  suoh  as  ohromiiojn,  vanadium,  tantaliiiii  or   thorium. 
In  order  to  produce  such  filaments  an  organic  binding  inediuin 
such  as  chloride  of  zinc,  cellulose  or  acetic  acid  collodion 
is  mixed  with  the  finely  divided  timgsten  containing  about 
fifteen  per  cent  of  ore  of  the  above  mentioned  netals.   The 
mixture  is  then  formed  into  filaments  and  the  filaments  are 
decarbonized  after  denitration. 

Another  method  deccribed  by  E.  Goosens  Pope  &   Co. 
is  as  follows:   a  sodium -tungsten  solution  is  mixed  with  no 
r.ore  than  eight  per  cent  of  gallic  acid  and  precipitated  with 
acid.   The  precipitate  containing  a  mixture  of  low  tungsten 
oxides  and  small  quantities  of  pyropallol  is  washed  first  with 
water, then  with  equal  parts  of  water  and  ninety-six  per  cent 
alcohol  until  all  sodium  salts  have  been  removed.   The  paste 
thus  obtained  is  pressed  into  filaments  which  must  be  dried 
slovrly  in  order  to  give  them  sxiffioient  eoliitity  for  succeed- 
ing prooessea.    The  dried  filaments  tro   heated  in  carbonic 
acid  gas  to  about  six  hundred  degrees  centigrade,  where  we  get 
a  filam.cnt  which  consiBts  of  a  metallic  carbide,  metallic  oxide 
and  m.etal.   It  has  hovrevor,  still  a  low  melting  point  on  ac- 
count of  its  metallic  impurities  and  it  is  therefore  subjected 
to  a  further  reduction  in  a  hydrogen  atmosphere,  where  the  ox- 
ivie  is  reduced  to  m.etal. 

One  method  of  decarbonizing  filam.ents  is  to  glow 
them  in  an  atmosphere  of  acetic  acid  vapors. 
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Method  of  Lux; 

.  In  a  method  desoribed  by  Johann  Lux  of  Vienna 
he  relies  upon  oolloidal  tungatio  aoid  which,  when  oor'bined 
with  a  little  water,  forr.s  a  tough  stiolry  fluid  whioh  oan  be 
ueed  as  a  binding  material.   Filaments  are  pressed  fror-  the 
mass  and  dried  by  a  moderate  heat  and  treated  in  an  atr-o sphere 
of  hydrogen. 

Methods  of  Sieir^ena  Halske  Co.; 

The  Siemens  Halske  Co.  have 
devised  a  method  which  consists  in  tightly  pressing  powdered 
metallic  tungsten  or  a  irixtiire  of  difficultly  fusible  metal 
powders  into  a  tube  of  other  ductile  netal,  rolling  and  draw- 
ing it  together  with  the  latter  and  then  reir^oving  the  envelope 
either  chemically,  Eechanically  or  by  fusion.   Thorium  and 
Zirconiiuii  are  used  as  envelopes.   This  r^ethod  is  found  to  be 
reliable  and  simple  if  the  metal  used  as  an  envelope  is  not 
used  as  a  powder  but  as  a  spongy  mass. 

Another  of  Siemens  Halske  Co, 'a  methods  i?  to  press 
pov.'dered  tungsten  into  a  tube  of  copper,  silver  or  nickel  which 
has  heen   insortel  in  a  tube  of  steel.    The  ends  are  then 
closed  by  copper  plugs  and  the  tubes  are  rolled  and  drawn  in- 
to filaments.    The  steel  is  then  dissolved  by  dilute  hydroch- 
loric or  sulphuric  acid,  and  the  filament  is  shaped.   The  in- 
ner tube  is  then  removed  by  heating  in  a  vacuum  or  a  hydrogen 
atm.osphere  by  an  electric  current. 
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In  order  to  reduce  the  eln;e  of  filaments  the  Sleirene 
Halske  Co.  treats  ther.  vrith  phosphorue  vapors .  The  filanente 
are  heated  to  a  high  temperature  in  the  presence  of  phosphorus 
vapora  of  low  pressure, if  necessary  in  the  presence  of  diluted 
gases  such  as  hydrogen.  By  this  irethod  the  thlcl:necs  is  di- 
minished with  great  uniforriity. 

The  latest  methods  of  manufacturing  filaments  ain  to 
replace  fluids  by  metallic  binding  materials. 

Life; 

The  life  of  a  tungsten  lamp  will  average  between  800 

and  1000  houra  and  the  charge  in  candle  power  during  thnt  tire 
will  be  so  scall  that  it  will  ccarcely  be  noticed.   Only  the 
p\ire  tungsten  however,  has  this  long  life,  as  impurities  such 
as  the  tungsten  salts  seem  to  shorten  the  life  of  the  lamp. 

Breakage; 

At  first  there  was  a  large  percentage  of  breakage 
due  to  the  frailty  of  the  filament  but  the  General  Eclectic  Co. 
shipped  over  100,000  lam.ps  last  year  end  the  breakage  was  reduced 
to  about  1-1/2^  by-  the  extreme  care  taken  in  packing  and  handling 
the  lamps . 

Advg-ntages; 

Prom  the  standpoint  of  current  consurptlon,  candle- 
power,  total  watts  and  watts  per  candle,  they  are  less  susceptille 
to  a  change  in  voltage  than  the  carbon  lamp,  as  the  resistance  in- 
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creases  with  the  voltage,  while  in  a  oarbcn  lsji:p  it  decreaBes 
with  a  rise  in  voltage. 

In  street  lighting  there  ia  great  econory  ir,  the 
series  tungsten  lanip.    In  fact  there  are  two  diatinct  advan- 
tages in  the  tungsten  lanp;   first,  in  the  kilowatt  hours  sav- 
ing per  year,  a  tungsten  lamp  requiring  only  one  third  of  the 
power  of  a  carton  lamp;   and  secondly,  in  the  extra  capacity 
of  the  constant  ciirrent  transferrers  and  station  apparatus, 
the  capacity  of  the  station  being  about  three  tir:e8  as  iiiany 
larrps  as  before. 

The  Series  Tungsten: 

The  series  lairp  shown  little  varia- 
tion in  candle  power  during  a  life  of  about  1500  hotars;   there 
is  practically  no  blaohonirg,  and  the  specific  consurption  of 
the  larp  does  not  rise  above  135^.    The  filaments  of  these 
lamps  are  particularly  strong  due  to  greater  cross  section  and 
they  are  able  to  withstand  any  vibration  caused  by  wind  storms, 
men  climbing  poles, or  from  any  other  gource.    In  fact,  ir  a 
paper  on  Series  Tungsten  lighting  by  Henry  £chroeder  read  be- 
fore the  17th  Annual  Convention  of  the  Northwestern  Electrical 
Association,  i:ilv;aukee,  V/is.,  Jan.  20-21,3909,  Mr.  Schroeder 
says;  "An  interesting  occurrence  happened  last  July  in  a  town 
in  New  Jersey  v/hen  lightning  struck  the  series  line  and  went 
through  thirty- three  (33)  Tungsten  lamps,  curling  the  filaments 
without  breaking  the  lamps.    The  film  cutouts  were  punctured  « 
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and  when  nev;  films  were  installed  the  lainpe  lighted  again. 
The  lairps  had  burned  1200  houro  leforc-  the  storra  care  and 
are  still  hi^ining,  to  date,  over  2000  hours.    Thla  same  atroke 
of  lightning  Jurcped  fror  the  series  line  into  a  houRe,  burn- 
ing out  a  transformer,  ripping  off  a  door  ejll  and  passing  in- 
to the  ground  through  a  etean  radiator." 

Oharaoterietics: 


The  Chief  oharacteriBtios  of  the  tungsten 
lamp  are  the  comparatively  low  consumption  of  energy  and  the 
extremely  white  quality  of  the  light. 

Specific  GonsuTRptiont 

The  efficiency  of  a  lan;p  during  an 
average  life  of  800  hours  will  lie  betv/een  l-l/4  and  l-l/P 
watts  per  cajidle* 

Qost; 

Although  the   initial   cost   of   txongsten  lair.ps   is 

greater  than  that  of  carbon,  they  are  cheaper  in  the  long 

run,  as  they  require  only  about  one-half  or  one-third  of  the 

power  consulted  by  a  carbon  lamp,  and  their  life  is  longer 

than  that  of  a  carbon  lamp. 

The  following  gives  an  idea  of  the  initial  ccpt  of 

the  lamps.   It  is  taken  fror.  a  table  in  Central  Stations  for 

July,  1908   : 

32  c.p.  40  watts  $1.50 

48  c.p.  60  watts  1.75 

80  c.p.  100  watts  2.00 
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OBJECT. 

It  is  the  objeot  of  the  authors  of  this  theeiB  to 
obtain  data  on  the  seriee  tuntsten  lamp  whioh  will  show  the 
variation  in  candle-power  with  the  tire  of  "run"  of  thfi   test. 

The  authore  will  also  endeavor  to  show  that,  av    a 
secondary  standard  of  ccirparison,  the  t"ungBten  filament  la.mp 
excels  the  carbon  filament  lamp,  which  at  present  is  the  ac- 
cepted seccr'.dary  standard  of  comparison.   To  do  this,  it  will 
be  necessary  to  obtain  data  which  will  show  that  the  tungsten 
lamp  maintains  its  candle-power  constant,  for  a  greater  length 
of  tire,  than  the  oarbon-f ilRment  lamp. 

BIBLIOGRAPHY. 

The  new  metal  filament  lamps. 

(Elect.  Eng.  London,  Feb.  Pl-08) 
The  tungsten  lamp  -  E.  F.  Tweedy. 

(Central  Station,  July,  08) 
Recent  progress  in  tungsten  metallic  filament 

lamps  -  H.  Hirst. 

(Inst. of  Elec.Eng.   Great  Britain,  May  -  08) 
Tungsten  lamp  facilities. 

(Amer.Gas  Ligiit  Journal   -  July  20-08 ) 
The   tungsten  lamp   -  F.W.Wilcox. 
(Elec.VJorld  -   Sept*    5,    '08) 
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Some  factB  regarding  metallic  filair'^nt  and  carbon 
filament  lamps  -  Geo.  Lorlng. 

(Elec. World  -  Jan.  4  -  OR) 

SerleB  tungsten  ligJhting  -  Henry  Schroeder- 

The  Latest  Methods  of  Manufacturing  Metallic 

Lajnp  Filaments. 

(Elec.  Review  and  Western  Electrician, 

Jan.  1,  '10  and  Jan.  B,  'lO) 

APPARATUS .  : 

Galvanometer  Circuit; 

8  -  300  ohms  telegraph  relays. 

1  -  model  30  -  #376  galvanometer  relay, 

(V/eston  Elec  .  Go. ) 
7  -  #6  Columbia  dry  cells. 

Bridge  Circuit; 

2-32   c.p.  -  carbon  lamps 

1-16   c.p.  -    "     " 

4-25  watt  -  110  vclt  -  tungsten  lamps 

1-25    "  -  110   "     tantulum   *! 

1  -433  ohm  -  110   "    1  ampere  rheostat 
(National  Rheostat  Go.) 

1  -  (0-150)  -  d.c.  vcltreter. 
(Western  Elec  Co. ) 


.aiftedMiIi'?  a 
(or*    ,n   ,!inl*  ban  Of*    ,1   .(wL 

.  aoTiiiA53A 

.^nlot  neit'taonarlx^  s'i?^'^  -   OS   l&Lo,v.  -  i 

,rXI©o   ^al^  f.lvfKUJioO  '3^  -  ^ 

"  *  -    .1,0     ?^I   -  • 

•3qr:.TJ3l    ueta-^rtaJ    -    SLov   OIL   -    iinr;     ^.^  -  ^ 

f       ouiuiaBi         •♦       Oil  -      *         ^.n  -  r 

jpjioisrf'x  otetqrm   1  *•        Oil   -     .iirfo     .^Sl^  r 

.lotaairoy   -o.b  -   ( 081-0)   -  I 

(.00'    'Oiiia    XITOi  JeW) 
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Motor  Circuit: 


1  -  l/]0   horBt:->-po'Vfc;r  -  d.c.  rotor 

(Fort  Wayne  Elec.  Co.) 

2  -  32  cp.  -  oarbon  lemps. 


(.oO   ,of'Xa  on^«Vi   Jiovi) 


PHOTOGRAPH   OF  GALVANOMETER, 
BRIDGE  AND  MOTOR  CIRCUITS. 
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Lagp  Circuit; 

9-30  watt  -  12  volt  -  2-1/2  ampere  tungsten 

lamps.   (General  Elec*  Co.) 
1-4  ohm  -  elide-wire  reclBtanoe. 
1-3  ampere  d.c.  amireter. 

(Siemens  and  Halfl^e) 
1-26  ohm  -  3.5  ampere  rheostat 

(General  Elec.  Co.) 
1  -  Kecording  electric  clock, 

(Walker  Electric  Co, 

Photometric  Circuit; 

1  -  Lumner  -  Brodhun  photometer  and  aoceenorles 
2-25  ohm  -  3.5  ampere  rheostats. 

(General  Elec  Co.) 
2-4  inch,  plate  -  oarLcn  rheostats . 
1-3  ampere  d.c.  ammeter. 

(Siemens  and  Halske) 
1  -  (0-15)  d.c  voltmeter* 

(Weston  Elec.  Co. ) 
1  -  (0-15)  d.c.  "standard"  voltmeter. 

(Weston  Elec.  Co. 
1  -  16  c.p.  standard  carbon  lamp 

(New  York  Elect. Testing  Laboratorlos) 


.0  (i<:in- 
(.00   .'.  .;./■!: 

(e'^fjXisH  ins  ariO'toic.) 

J'«:t«oo'lTt  eieqaw  3«R  -  ffflrfo  3^  -    r. 
(,oD   .cell  I«18«©dJ 

.adniooa'fn  envqcrn   8,C  -  nflorlo  dS  -   '^ 
(.00  .0913    Ij8n£©r»ii>) 
.avt'?d'doo,ii  noJiJRo   -   o^aXq   .doni   *»  -   «5 
.^©ienfl»l    .o.fc  eteqaijs  15  ^    t 
(ojfaXijH  fcrtn   «n»«ff©lS) 

•  'X9isfa:Mov   .o»fc   (81-0)    -    X 
(•oO    .o«Xa  rcois»W) 
,T!^i©rncfXov    "L'sabftju^t*  ,o»b   (dX-C)    -    ' 
,oC   .oeXK  no^aof) 
qrfinX  xtOffTiflO  Melsi'iaJa   ,q,c  6' 
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PROCKDURE. 

Throughout  the  test  it  was  necessary  to  maintain  a 
oonetnnt  current  through  the  larps  euid  therefore  a  constant 
potential  across  the  lairps,  in  order  to  obtain  data,  which 
would  l~e  oonaistent,  in  that  each  lanp  would  be  worked  under 
the  sane  conditions.     In  order  to  Eaintain  a  constant  po- 
tential across  the  lamps  it  was  neoeBBary  to  have  three  cir- 
cuits, i.e.:  a  galvanometer  circuit,  a  motor  circuit,  and  a 
Wheatstone  bridge  circuit. 

To  determine  the  candle-powers  of  the  lamps  it  was 
necessary  after  each  run  to  place  the  lamp  under  test,  in  the 
same  position  in  the  socket.    This  end  was  accomplished  by 
placing  the  plane  of  the  filament  perpendicular  to  the  scale. 
In  this  manner  the  true  variation  in  oandle-pov.'er  was  obtained 
each  time. 

The  average  letngth  of  each  run  was  about  fifty  hours 
and  in  all  the  total  length  of  the  various  runs  was  fovtr   hun- 
dred and  fifty  hours, 

DESGRIgTION  OF  APPARATUS . 
The  ^^HieatBtone  bridge  circuit: 

The  VHieatetone  bridge  circuit 
consisted  of  four  twenty-five  watt  tvingsten  filament  lam.pB  in 
one  arm,  one  sixteen-oandle-power  carbon  filament  lamp  in  the 
second  arm.,  two  thirty- two  candle-power  carbon  filajnent  lam.ps 


.     'Trow  &d  blifom  qnai  doA®  l«ii  nX   ^$a»Sntmioo 
rijj.tfertoo  J3  tl«^nJ:»3i  o^  tetyto  al  ,«nolili>n 

-lie    5>oiit^  ©varf  o*  ^iJ»a«u»oen  o«ir  *1  rnqmnl  vniS  aaoio.;  l.li..    7 

-fai:  rq-Tot'Oi?   CBW  baQ  aitff         ,^«]tooa  ewiJf  al  ciotst. 
3d.t  oj  iflIi:;olbnoqa©q  ine^Talll:  erii  lo  aoAlcl 

f    ^nil  iaorfa  8J3W  itin  rioae  lo  rf^^itial  »^iev«  ©fU 
■ic/ol  aaw  o.wi  aootiav  arii   lo  ditanaX   loioi   «■{>   XXr 

.a'lao-J  ^^lll 

,aaT.^HAqqA  ho  noiTfi/ioaaq 

'^  Ti  qi-rT'iI   iaefuaXll  nociino  'tewoq-oXhrwo-aaaixXa   aiio    ^iti/* 


14 


in  the  third  am,  and  one  twenty-five  watt  tantuluni  filament 
Isump  in  the  fourth  arm, 

A  relay  galvanoneter  was  so  connected  between  tv;o  of 
the  arirs,  so  that  v^ith  a  rise  in  voltage  its  needle  v/ae  de- 
flected in  one  direction,  while  with  a  decr-ease  in  voltage, 
its  needle  was  deflected  in  an  opposite  direction. 

It  is  a  well  known  fact  that  with  a  rise  in  voltage 

the  resistance  of  the  carbon  filament  lajrp  decreases,  while  the 

resistance  of  the  txingsten  and  tantuluir.  filament  lamps  ircreases, 

Advantage  v/as  taken  of  this  fact  by  making  the  connections  as 

explained  imder  the  various  circuits, 
\ 

The  Galvanometer  Circuit? 

The  galvanometer  circuit  consisted 

of  a  relay  galvanometer,  two  ordinary  telegraph  relays  and 

seven  dry  cells.    When  the  needle  of  the  galvanometer  moved 

in  one  direction  it  would  close  one  of  the  relays,  and  when 

it  had  moved  in  the  opposite  direction  it  would  close  the 

other  relay. 

The  Motor  Circuit! 

A  one-tenth  horse-power  motor  was  so  con- 
nected as  to  rotate  in  one  direction  when  one  of  the  relays 
was  closed,  and  to  rotate  in  an  opposite  direction  when  the 
other  relay  v/as  closed.    The  motor  was  belted  to  a  pulley, 
which  in  turn  was  belted  to  a  sliding  contact.   This  sliding 


:  Y-ifnf  jjutoormot   on   onii  loiosionavln;^  %nL,t^i  A 

.noiioc^nth  9il:aoq<|o  rui  af.  b9iQ9it»t  ea'v  ol' 
y  '*t1   onli   s  rtilw  iflfiJ    i&«1  nwomf    CXew  «  aJt   il 

■vo-r  'T-):>fi"TOii.t?vIn3   o  f:t  lo  olbeen  ©rCJ"  noffHf  ««IIeio   ^'i 

.t^dv,    b'i/5    ^a^JtsIa-x   aift   to   fjno  taolo  bLvon  it   nctiijatih 
Git   080I0  bluo%-  ti  ;tol;JoeiJt/)  ectiaoqqo  edS  nl  L 

iJlATp'-iXjg  -loy^oM'  ©rtT 
•j   -^>i   3«w  loioit  nawo.7- 'STorf  rldnoi-oao  A 
■^-y-.f.-n   "-(.1  '^ -.  wao  iiorfw  a'jJ-.Jo«alt  eiw  ai  •i«*o'x  0." 

,  :r-.JIr/q  c   .-ji   baiLoi  nnv  -^nioit  offT  ,b9Holo    . 
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contact  vraa  so  arranged  as  to  nove  along  a  loop  of  wire  having 
a  resistance  of  twenty-five  ohina .   This  resletance  was  con- 
nooted  in  series  with  the  main  circuit. 

When  the  voltage  of  the  eyateir.  increaeed,  resistance 
would  thus  be  cut  into  the  circuit  until  the  normal  voltage 
was  reached,  and  at  this  point  the  needlo  would  ho   at  a  neutral 
position,  while  the  motor  would  he  at  rest.    If  the  voltage 
decreased  resistance  would  be  cut  out  of  the  irain-circuit  and 
th3  normal  voltage  would  again  he  reached  and  again  the  "^otoi' 
would  be  at  rest.     This  condition  would  continue  as  long 
as  the  apparatus  was  connected  for  operation.   Thus  auto- 
matically the  voltage  v/as  controlled. 


-J  qooT.  r,   arro  r.n   ev  ' 

r  ,,  •:  v  Ipanorr  orii    l*'i{tis  Sltsoito  erl*  otfni  iao  Qd  audi  hTtfow 
')'!•;  £ov  e-ii  II  ,>t8oi  *9  »<f  bluovf  TO^Ofn  orti   elirfw   ,riot.t±;joq 

.    -J   a«  eani-taoo  Lli.row  rrofi tij/too  alrlT  .iooT    t,        ■:  il-o 

-cvjrjc   fajfrn''        ,.^o.^tJ?'Ieqo  tol  £>o-tosafioo  saw  «uiBiBqq- 


■     '  ?»iW  '^o  Juo  Sua  e<f  bluo^y  uOiKsJsl'iei  fc'. 
-niuR-  Qf/rfT        .no-^ijaieqo  lol  ba.loBnaoo  a«w  bwJjjt 


18 


DATA 

Lamp    A 

X 

E 

I 

C.P. 

Sp.Oon, 

98.5 

8.35 

2.04 

5.99 

2.844 

92.7 

97.9 

92.5 

~ 

99.0 

93.0 

95.6 

95.3 

8.5 

2.00 

6.48 

2.623 

95.0 

95.0 

95.4 

95.1 

95.2 

95.1 

94.7 

8.3 

2.00 

6.40 

2.596 

94.5 

94.3 

94.8 
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94.7 

94.5 


A'l 

M 

A_ 
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»aoO.T[a 

•<{*0 

I 

a 

W^.*? 
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»0.8 
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;^,n«: 


P.r'.. 


0.5G 
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9^,9 


00#9 


§•• 


R.80 


X.Sv; 


X  •  li  ■ 


8Q3.<: 


0».9 


00,3 


8*9 
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Lanp  A 

X 

1 

X 

O.P. 

Sp.Ccn 

93.9 

8.15 

2.00 

6.29 

2.595 

93.8 

94.0 

93.7 

93.5 

V 

93.6 

93.7 

96.3 

8.20 

2.00 

6.65 

2.465 

94.9 

95.3 

95.4 

95.0 

94.9 

96.4 

93.9 

8.175 

2.00 

6.30 

2.597 

93.8 

93.9 

93.8 

93.8 

93.8 

9378 

•  1.0 


I 
00»S 


S.F.A 


X 


tlo>»^ 


35*9 


00.9 


OS.  9 


■•>;^,;j 


o»!:.^3 


00.  s 


iTi.a 


o.ejG 

9.50 

8.se 
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Lamp     A 


X 

B 

I 

C.F. 

Sp.Gon 

92.8 

8.1 

2.00 

6.2 

2.615 

93.0 

92.7 

\ 

93.4 

93.2 

93.2 

93.05 

92.1 

8.125 

2.00 

6.09 

2.666 

92.4 

92.2 

92.2 

92.4 

92.5 

92.26 

91.3 

8.125 

2.00 

5.98 

2.72 

91.5 

91.5 

91.5 

91.2 

91.5 

91.4 


A      'i.a«Ll 


;a0.qa 

.^•0 

I 

a 

X 

""■n.R 

a.» 

oo«a 

1.9 

:»»?>.  3  90«»  00.  a  881.  f^  I.^G 

'}T.<>  *?«.?»  00.  s        aax.9  k.ic 

8.16 

a.ie 
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Lamp     A 


X 

B 

I 

C.P. 

Sp.Oon 

93.5 

8.18 

2.00 

6.a.3 

2.67 

93.5 

93.6 

93.5 

93.6 

93.6 

93.55 

93.1 

8.225 

2.00 

6.25 

2.63 

93.8 

93.6 

93.1 

93.8 

93.5 

93.49 

95.5 

8.15 

2.00 

6.52 

2.50 

95.2 

95.5 

95.7 

95.3 

95.5 

95.45 


A      tfpjl 


ioO«q[?. 

*1.0 

I 

31 

X 

V?).'? 

Eit.» 

00.9 

31.  « 

a.gc 

3.^0 

^•^ 

a*5,» 

00,3 

&?ja.8 

J-  ^  VO 

R.a€ 
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Lamp     B 


X 

97.6 
92.5 
98.6 
93.6 
99.2 
95.4 
9578 

94.6 
94.7 
94.9 
94.7 
94.3 
94.4 
9476 

91.1 
91.0 
91.5 
91.1 
91.4 
90.9 
9l7l6 


E  Z 

}.30  2.00 


O.P. 
6.00 


Sp.Oon 
2.764 


8.25  2.00 


e.4i 


2.574 


8.15  2.00 


5.95 


2.84 


:1      ^i^^:i 


.1.0 
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^v.^.«^ 


i>.s 
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x.xe 
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Lamp     B 


X 

93.3 
93.2 
93.1 
92.9 
93.3 
93.0 
WTl 

95.2 

95.3 
95.1 
95.4 
95.5 
95.3 
9573 

97.1 
96.3 
96.5 
96.7 
96.6 
96.5 
9676 


B  I 

J. 15  2.00 


O.P. 
6.21 


Sp.Oon. 
2.626 


8.25  2.00 


6.50 


2.54 


8.23  2.00 


6.69 


2.46 


I 
00.  a 


«x.^ 


M. 


oa.'i 


!^^. 


9a«?» 


00,9 


8S«« 


00.2 


Sn.8 


o.?!n 

t,vn 
S.»Q 

8.9C 
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X 

E 

I 
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93. 

8.175 

2.00 

6.^1 

2.63 

93. P 

93.0 
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93.3 

92.9 


93.1 


95.0 
95.1 
95.3 
95.0 
95.5 
94.9 
"§57l3 

94.9 
95.1 
94.8 
94.8 
94.9 
94.8 


8.275 


2.00 


6.49 


2.55 


8.2 


2.00 


6.45 


2.54 


94.88 


croC,':!^  .'i.D  I  1  X 

o.ae 


S6 


Lamp     B 


X 

95.4 
95.9 
95.7 
95.6 
95.6 
95.9 
95768 

95.5 
96.0 
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96.1 
95.7 
95.5 
9571 

95.4 
95.1 
95.6 
94.9 
94. e 
94.7 


e.ie 


I 

J. 00 


C.F. 
6.56 


Sp.Oon. 
2.499 


p.r5  p. CO 


6.58  2.51 


8.175 


2.00 


6.45 


2.54 


95.01 
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I 

J 

A 
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CM 
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00,  3 
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Lamp     G 


94.7 
101.1 

95.7 
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98i7 


.30  1«98 


6.39 


2.57 


97. 

97.1 

S7.7 

97.7 

97.8 

97.3 

97\4 


8.60  2.00 


6.80 


2.50 


95.3 
95.7 
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95.2 
95.8 
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95T4 


8.40  2.00 


6.50 


2.685 


•0       '•!.:>. T 


VI,  f?  Q^..»  8^»I  08.0  T.*e 

0.101 

'■)fl,s  oBtb  00.^  oi.«  .^c 

r-.^js.r?  o«,8  oo»a  o»«e  s.ae 

2.30 


Lamp     C 
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X 

B 

I 

G.P. 

Sp.Oon 

93.7 

8.30 

2.00 

6.31 

2.63 

93.8 

94.1 

93.8 

93.9 

93.8 

93.85 

96.1 

8.30 

2.00 

6.46 

2.57 

94.7 

95.2 

95.2 

94.9 

95.1 

95. 

98.1 

8.34 

2.00 

6.92 

2.41 

98.8 

98.3 

98.3 

98.3 

98.0 

98.3 

■J       1  t.' 


'5ft.  ^ 


00»a  OB,R 


0,RG 


■^•^,8 
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OJ".,'^ 


I^.■■■' 
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CONCLUSION 

Prom  the  preoeding  ourvee  it  oan  easily  be  seen  that 
the  serieB  txingeten  lamp  oannot  be  used  as  a  standard  xontil  It 
has  been  "seasoned",  that  is,  burned  for  at  least  one  hiindred 
and  fifty  hours.    After  that  period  the  oaiKllo-po'^or  bf^comes 
much  steadier,  but  of  all  the  lamps  under  tost,  with  the  possi- 
ble exception  of  B,  0  and  J,  this  variation  la  greater  than 
three  per  cent,  which  is  about  all  we  oan  safely  charge  to 
errors  of  observation.   Lamp  J  oannot  be  conGiderei,  aa  it  was 
burning  at  a  much  hi^ther  specific  consumption  than  the  others, 
due  to  sorce  imperfection  in  the  lamp.   This  leaves  only  B  and 
0  which  come  up  to  the  requirements. 

The  natural  oonolxision  is  that  these  lamps  will  not 
serve  as  reliable  secondary  standards,  but  it  is  very  probable 
that  the  lamps  did  not  become  thoroughly  "seasoned"  in  the  tine 
that  we  burned  them,  and  if  the  test  had  been  extended  for  an 
extra  five  hxindred  or  thousand  hours  the  results  Height  have 
been  such  that  would  warrant  the  series  tungsten  lamp  to  be 
used  as  a  secondary  standard  for  photometric  work. 
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